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(54) Method for etching metal silicide with high selectivity to polysilicon 


(57) A rnothoa tor etching rT^ol-il iJicido l.-ivor£ 22n. 
22b rjolysiiicon l.-iyors 24a. 24b on ,i t,iJObt-<-ilG 20 
vMthi riiqh otcninq solortivity .^nd .-irTiict-opic otcmn.j 
fM-f:.ortiO^ !^ closer it: ocl ir ittiL moth.^ Ki :r i.:- sijt:.'^lr,-ii-:^ 20 
i-- ["flared -fi -^ pL-i'^r^T.i /on 55 r-mr: ;-<rni- n^-"-> ."jh^ rr-j^'- 
pris''~:] CI C- .-:nci N li- ir^;rocii;CL^d mlz- Iho pLr^riM 


/-jno A pl-jsrn,-i is toff^iod Uom the process qnb to so- 
ii:v-tu'olv o:ctT \\')C rrlet-^l silicicic l,^yof 22 .-it -i tifst otch 
r,-ife tPiHt 1^ tiirjhor thnn h =;pronrj r.-ite nt eti^hmri r.| \hn 
pc.|y'-.!iiron i.iVi"'' 24 vvtnilo provicinc sut^slrintiHlly a^iiso- 
t'Opic otchinq ct the nirtf-il silicide rin6 poiysilicon Iriyois 
J^" n:h: i , ibly the p nsfii- i is l3rf7ioc usu^q ccTibinod ir^aur- 
tive jncl Cip'iCiI I v o ol.iirT^.i sC'Ufcc^ 
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Description 


■■■■ toa''itoa ci'Cu'! t-ic iC-j:'-: *■ 'o*' i 

i ;j C- ^ h .J ~* -J * Z- ' O < -J r '"i p 1 C' ! >^ ' S '. C- ' * .-: ■ "i * 

^c: '"TCivbcJcn j'n s i ci Jos -ifo jso:: m t-: 


^ 'qf JO'-.. 
"I'VO intofcc^r^- 

'Vjctinq Ccv\r ■ 


c^: iC'fnnod on semi :or -ci .J'::o* s jOSUr-itc-s "or c^-ir" ^ii': 
VVSi. ir-iyC''S CHP oo Jcf.. OS itoc: cr-^ silicon dicxi Jo *::. so'vo 
--jS i^-ilc o cclroaos for ■^'oq:.i:oci c rculs However r-t 
ino siliciao fin 'J oxioc intc r',-ic:o attfLSicni ot s lie :n \jo\^ 
ih 3 iC' r-jy c I inir Iho 'cff-iciO'v ■^lOl.i. SiiiciCJO L-ivcr 
(:r:usos 'tic n ot.-!i .. Iiciu-' inyCf to "invc ^fiHC-: 'jpt-ioly 
i-jh olcc'.ricrjl -osisinn-jC' "^c: ycioc' ?triCKs woi-- cic\, ■: - 
opQiii to '0 Juc-: tt^c d ft;jsi .:)n v fob c rrs with motn' sili2 
Ih/ois W th 'ofLTcrcc- I J Fiqufo in typical poly:: '^c- 
si ui.li^ros on -i sorr :cofiJuc'0' subslfHlo 20 CL-'iip 
i-jtir-ict^-iy fiut il ;:ri-. U'j -rjyui 2 22a. 22b dup(_bil'.-d uv(j( 
aop-ifdo- undc-Qcd (:oly sihcor- riyof s 24a, 24b T* c pc-iy- 
.:ide s'ruc-urcij rirc 'C'TD'^c iWCi siI cC'n cioxtdt In /tit 5. 
26a 26b on the ouhstt jc- 20 .md ticvidc .i lov\ olcctn 
i;. I I ::: : :< incc irlc r::;(:-ni- ccl witn excellent ir"i:-;:( t< ici. j 

Cr.-:! iCtCif I St CL 

l-^ c O'^KC r:\onf-i r"-i''-'J'"i Dds cf t^ol Cr-.tin:^ ttic (. olyr ■:]•:• 
n'.O! .'C'nnc-ct ^irurn.rc ino rnotHi s I frido h-iyon 22 dio 
rlnpi'i^^.tnd nvr- poly -il "-f- .^^ o's24 -("r nxHrnp nrm- 
•'iDf. / ,-issiqr-)r o .i t.'nt Nr; h .^4'-' !o T". Mot: r\ 

-A incc-f;:)(.:''rit'". d hr*' cr . ::'V [ o'oi cn(^o doscnbcs : ct^.cr^ 
cni VHfi'O' doposilic-n proros :; 'or liopositina W';' , til'-i: 
or') p.j \'> iicor" vid piHsn r: t:nn<-inc-.:d chonic.-j VHpci 
dop ;>& to-'' D\ 'unqsicn hexnt-uoi ac nnd dich 0'0si".Hr-c 
Aftcf de^ :siticri of tn-- i-o'r:l $ 1 iotdo t-ivor 22 ph(M jf osi =1 
•^dlori-i IS -ipjIlOD or"! 't'^i pOlVCiOO l.-;VCr S nr" d O vpos cd 
'.o iiqht 'c- tDnr c. dosirod Httt rn cf in:-: rconnoci ^-i ntu'os 
usir-ia L orvcniiorvi- p^•.ctollt^•o:J^.^p•* 1 procoss- s Tno 
o-ittorncd I OS s* 30 so'v>: s ; ^ rTiri=k 'or otcfTin :j o' :*"-e 
oolv^io-: sl[..c'LJfO i.si'- Q -.ron v'c:ntion -! oictima - ocos r- 
os t p- 3 vice '.he s'"ih(. t: t-ic ct:rK t entire 40 1 I js- 
'.'(itoci in Fiqu'O 1 b 'hon nit'.-' \Vv ct.-nosilio'^ r'.---A cl:\-^- 
'■^■2 ;:'onos s c.-ir' bo '0[:o,-!'od ::■ torr-ri , icicilioruii I :yo s :* 
P^'.iVi.nd-. str iohs -iS illo rli ito:t 'n i-iqu-cs 1c -n.;; 1 ci 

._;o' vortu ri>-i ( tJ'f K J prccosiOi use ,i rnu ■gv\<-iV'':~ 
O' ,i[:'< i."' 1; ivc pl<^srn-i o* rw-i'ioooi -c: nir-iinmij a-:S05 to 
o::» lim pDiy: do st.-i :-k '".c-rirvior v usee: ■■nf) i:cd 
tj'i.t i'll jri^u:- iiiLludo I-i^ 4 S'F^; ,-if id r\i>- -. .nijf -lo-.t-.^n 
trim f J -jtchn; t j.-i:-Ob n> . lLJi.Jc C\- ^i^'j B'l^-; t-.'id Jio 
n lino--: o-nt-jininq otchr-inl -i^-iscs mrkidt? MBr CV"0 prob 
'c-n cof'v'ontic -1.-1 1 etch n:: pro-o esses s tnoir -el :tivo in 
.it.)iiilv t:: pr;yv do o::n n:\ 00 <"'Cliv itv r,itic>s t:.r rtcn 

inij •TCl.ll SlIlC do WiItT r ?GL'00' 'C p S 1 1 iC Or" W^^ ■ C Sim.- 
t,-tnoou = ly loirninq .-.n sctr-c^pic-iiiy .jtonoa tonlu'e p^c- 

t i ' O 

Tno otcninq sc-loc :iv-ty rntio is ino thI-o C'f tie 'nto 
of oThirq r< rho motnl •>iloido Inyor 22 *o th-^ r^tP ol r'oh.- 
■'Tj of tno ijndoriyin'j pcjlys-iioon inyO' 24 H is r^irtiou hti,' 


oosirnoio ''-iv^ cu'^ o? rhr^Tj selectivity ■^tio'^ f r^r poiy'^^ao 

.J" -iv -1 - p;inM' -lori roj'-^iy - ,0 volt it or: v- 
poqrnony ,-js ssno'^-ni chI'v 'i' .;stf ito::: cj'J'O ^ ■: 

u. .ao -wO' 22b tjo'wo-r^ 1-^: ois^ica -vi .-is s' : 

Ly UiO ,ir'Cv\ A S tno ko^ IP^-in mo pc: Or"^ c' :'"0 "■:'}!.-: 
biMCiar iriyof 22b o'^ top 3f tno otcnod font j-e-. ns snow^ 
by the -:rrcv\ B Th..s nt 1 cor-riir- time d..: .r^ the etcnmq 
prpicoss ril if'io port'or^ B tt'o rrc^t^l s licicjo riy: r is o*::t"iod 
t'l- oij d'" <-i'v3 c[c\^\\^l] dio unJorlvinc] oly S; licor^ ir-iyof 
bC'i^iOiS wf")iio nt the f:i::r'icr- A the thic-f.:-f -nob-i! sihciJc 
Irivor 22 isstil bcinc: c'choc "hisotfcc: req jucsttoii tnr 
^jC-ysil-cc-n iriycr 24b nt th-: p<:irtion 3 t'O ot.:hod su'-i- 
cio-rdly slO'Wiy rolrjti^'c 'o the r;-:to o* oton r' '.ho siIiOijl 
hiyor ttin! the onlif o ;: ilvsilirori iHyor 24b h* porlicn Bis 
r"C' O'chco Ihrouqh to:t'jro -^or npl-c :ic r~ z\ ctcn rq of tnr 
tn';:r.or podions of the convolu'ed mot j s icido layer 
22b rit port on A Tn j= il is -20511 -iblo to cizl tro fnctni 
£il-::ia(: Inycr 22 nl r: tastor rnie ^oIhIvo to the r^to y 
oloi mq c-' Ino oolysilioon rivf-^r 24 

Mi-^ii etot inu bulLOtiv ty mtiob htl- obtn-tR u by Ubinij 
pitccss i^rtS ooinpc:siiic-ns d' -il otcn ditft: T»:.-rn mritorii'il s 
nt aitfcrcni otc^mq iritcfs dc pencjmq upon ifio chemiCH 
ro :0l vity ot the procosr? Orj: vvi'h thi-: o *f.:Me'"it m itv/r irilc 
hlov.c'.'or slcnriq fO'.y 1 iihr-d'D w-di n-cjn :,clcctivty tC' 
pc 'ysilicc-T IS p.-^rt ::iji.-i'lv d f'isul: toK:.^ izj uotti no-ilo'i 

::ontHr^' olO'^cnl<-il s-licon h-^icJ rrvo-' cnvon'.iC'rTri 
L-t di.-nt p -isrTTiiS e:ch *n-:' siNron f:-:rtior' to. fij^n soo-u: 
^-1"; , o( '--.iF^ ^pooif-c. if 19 (i ftirij t 'r- tno pTf-.-t"' 

r L o: -"nn t(". :honiiP-l y i'dnquij-h rri'i 01 c^'c ont ihII y t"'to-- 
tn-:;- 'Oiotri. s hciao Inyor 22 'h^'O' t-'^n tno pc lys liccn iny 
cr 24 Also the a^oic chofii c-i! y ^otiv;: pinsniH obdMn j 
^; r.:);.:c-ssos such ns F-^R Hnd cr rnic icw.'ivo pl.-isni.-; 
f: r ocossoii orovicio rrioro d s^iC-cuitod :h»:-r"i '.:Hlly nctivc' 
ct.:"i.if t spec OS <inc rosjl; in iso-trC'^ziL; o'sninq of the- 

Sl'OniJi? InyOrS r:S Ji;):0' oocJ hdcw 

1 iS rilsci ciosir,-ib •:■ to etc n *no (.■'OiyLM'.io stiCk t':;) for^i 
rir- !sotiopiio-!l!y etched to.-ituros 40 vvt. c 1 losoit when 
tn.: rnolH. 5. icioe rifd polysi-icor Pivcis iio otct"cd su*: 
st ro-illy vor1ic.-il!v t3 oiovf-:!::^ to.i'..rori hnvinq st'-sq-i: 
siooa.iis 48 Exco-;5ivo oichii":q .-it t*'--: soownis 48 o* 
tn-:- otcnod tOriO. n:^:;. 'o^ult- n rjosir -ol-: nvV:'ircly O' 
^.L.'».\rrdl'> siocod v\,ilis A do-;jioo .• iri.:. :)l • 0010 otctiinq 
i> C't:tHin(:-d who" cj-ssx h:o:J so-: : cs r: tn- otchnr^ q,is 
: m:: mo to torn" cornplc x ooiy/'"n-: ■ : by p'-:-<3ucts in -.1 d*:' 
oC'Si" ris p.iSS'V<-it"'i::" l-ivo' . or^ tfio s dO'Vv-ills of dosfiiy 
ot ; Ml :Mo: ;iui OS 40 ,-010 soivo to \-m \ •cflf^c-i ot:hi-vj C 
in.. ^.(-dov\.i»!^ 48 lypo -iMy r n ii::oli .n. l uLh-oji- 

i.)L.Oir lOeJ by ir iprii :in J .-I niql ily dii»J_"i^nci k notiL 01 uiqy 
ts tto: c^-.-rqed spO'.* es the e; :tvin{ plriinm 'by sut:- 
)o:loq ific pirisror? to- cif. oioid-i.; fio-O perpend ouL-if :C' 
tOL- :.obsn, ito 20 ■ th. it c lUOOG t^o p ocm, 1 so 00 10 3 to or^ 
orqotio>il y irTipirvqo upO'r' . -.nci rorTi-:-vo cut:s".itc n'l, ltt;^n, 1 1 
\n tno vcdo.il otctunq q rcetior-i H^wc^or cjiffcront rT^.^- 
tori<-ils nre sputter otmod by the hiqhiv onorqi/oa oIhs- 
r-nn Ht the snme etc^^ u-.te orovtdinq little c nc cofit'c' 
ovor otrnmn soinrtivity F^-^.r fno-^o ron^or^'^ f is ditticul! 
to CjO'tHir; ,iniso(fOpic otohinq 10 oonnhinr-.lion vMlh hiqf^ 
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Gt-hmg SGlGctivity ratios for etching motnl siljcido on 
poly sil iron 

Thus It IS desirable lo have an etching process 1cr 
Glching oolycidc structures with high dchnq selectivity 
and in particular lor etcning mclal silicidc layors at last- ^ 
or etch rates than polysihcon I: is further desirable for 
the etching proc ess to provide substantially anisotropic 
olching. and to proviae jnilorm etching rates across the 
surface of the substrate 

The proscnl invontior ^s directed to a rTie:hod oi 
Glching poiycide structures connprisinq metal sili:idc 
and polysihcon layers subsianlialiy anisotropically and 
with high exhing selectivity In the r^etnod a substrate 
IS placed in a plasma /one and process gas conr.prising ^ 
CU Oo and No is intioduced into the pUsma zone A 
plasma is form^ed from the process gas to selectively 
etch the metal silicide layer at a first etch rale that is 
higher than a second rale of etching o1 the polysiiicon 
layer while providing substantially anisotropic etching 
of Uie metal silicide and poiysilicon layers -^^ 

P[ ef OI ably the etc hant plasma is tonned using com,- 
bined inductive and capacitive piasma sources, tor ex- 
ample, in a proc ess chamber comprising an .nductor coil 
and process electrodes A process gas comprising Cl^- 
0> and N, is .ontzcd tn tnc chamber to form plasma 
ions that energetically impinge on the substrate by ( ) 
applying an RF current at a fust power level to the in- 
ductor coil and (II-. applying an RF voltage at a second 
power leve, to the process olertrodns A power ratio P, 
ot ihe first power level to the second power |,?vel is se- 30 
lected to provide highly sclectivr.y etching of the metal 
s.licide layer relative to the poiysilicon layer, while pro- 
viding substartially anisotropic etching of both layers 

Preferablv the pas compositior^ and power ratio F, 
of the p a^ma arc selected so that the etch rate of the -5 
metal siiic.de layer is at least i ■ times the etch rate of 
the poiysilicon layer and the mo:al filicide and poiysili- 
con layers are etched lo form features that have side- 
walls that torm an :)le s ot at .east about 88^ with a suiiacc 
of the substrate Preferably the volumetric flow ratio cl -^o 
O.-No 1- trom about 0 25 lo about 5 1 and Ine ratio of 
the volumetric flow of C;!. to the cortibmed volumetric 
flow of and N. is -^om about 5 1 to about 20 ^ More 
preferably the power rat.o P of the first power level to 
the second power levelistron^ about 0 1 1 to about IOC 

1 

These and other features asoects and advantages 
of the piesenl inveniiot will become better understood 
f,om the followingdiawngb and description, which snow 
and describe example^: of the invention and from the so 
appended claims wheic 

Figure 1a is a schematic in vertical cross section ct 
a polycido slack comprising a metal silicide layer 
deposited over a polysihcon layer on a somiconduc- •''■'^ 
tor substrate 

Figure 1b IS a schematic in vertical cross-sect icn of 


the substrate of Figure la aMor etching of the metal 
silicide and polysihcon layers snowing substantially 
anisotropically etcnod features 

Figure 1c is a sc hematic in vertical cross-scclion ot 
a non planar and niqniy convoluted topography of 
a metal silicide layer deposited ovc a polysihcon 
layer on a siibsiraic 

Figure Ic is a s:hernatic in vertical cross-seclion o! 
the suDStraie ot Figure 1 c alter etching of the metal 
sihcide and polysihcon layers snowing subslarlially 
anisotropically cloned features 

Figure 2 is a schematic view in vertical cross-sec- 
tion ot a process chamber suitable tor practicing the 
etching process ot the present invention 

Figure 3 is a graph showing the WSi, etch rate tor 
inc r easing Oo and N? flow rales 

Figure 4 :s a graph showing the polysihcon etching 
rate tor increasing flow rales of O2 and Ng. 

Figure 5 IS graph showing the etching selectivity ra- 
tios of ctct'iing WSi, relative to polysihcon for in- 
creasing flow rate- ot No and Oo .n the process gas: 

Figure 6 is a graph showing the etching selectivity 
ot etching WSi, relative 10 doped polysiiicon for in- 
creasing Si W ratio in the WSi, titm: and 

Figure 7 is a graph showing the etching selectivity 
of etching WSi, relative to undoped polysniccn for 
increasing Si W ratio in the W3i, ^ilm 

7 he etc hing process of the present mvertion is use- 
ful tor etching a subs'jato 20 having poiycide stacks 
comprising m.etal suicide layers 22a, 22b on underlying 
polysihcon layors 24a, 24b as shown in Figures ia-1d. 
with hiqh clchinq selectivity good etch rales and ani- 
sotropic etching Tf-e subslrale 20 can be made rj any 
material such as glass ceramic melal. polynrier or 
semiconductor substrate such as a silicon or gallium 
arsemae waters 1 he metal sihcde layer 22 on the sub- 
strate 20 typicaly comprises, for example tungsten 
tantalum titanium or molybdenum sihcides having a 
U„chness ot about 500 A to about IOOOO A The poiysil- 
icon layei 24 below the metal silicide layer 22 also typ- 
ically comonses a thickness of aboul 500 A lo about 
10000 A The poiycide slack is deposited on a silicon 
dioxide layer 26 having a thickness of about IOOO A 

The met. il cilicidc and polycilicon layers 22, 24 arc 
etched to *orm electrical interconnect lines on the sub- 
strate 20 Typically photoresist 30 such as "RISTON " 
manufactured by DuPont de Nemours Chemical Com- 
pany IS applied on ihe metal silicide laye- 22 to a thiCK- 
ness of about 0 4 to abou: 1 3 micron, and the fealures 
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>:i^.os ir- Ahicr :ro ro^. s: 30 oxoosco \o ^ r-iiio"^ •:* 

. -r.nti ji J' -^inr^ r ^ 'J i 40 ^ * f .OIJ f Cri:.jr O '- 40 ' 0 

: /:j ^"rtny s\/C'J ^.'Z-^'^" .loC^I ^ \c- jOOuI ^ C r'^'^iC'C'n- r-if J 

fnif ror^: CjMf^q It'ir- o'.crinq p'otoss polvrTiern: OnSSi- 
\..-:t n;:) 'opcsiU 44 1(:*-rT. or^- ihc sidcw-ilh: 48of "he ctc'-ca 
to-tufcs 40 ox:' r-.inea Pclow 

Tr-:i rnc tri! s he 2C Inyc 22 r-i-- :i fiolysi ic:on Invof 24 
fire otC'ic-J n n pro:-c s> ch irnbcr 50 r-uch ris for o^nrr- 
t:lo - "liF^Si ■ chrifTito' ^."homH'ic.-i ly illustrnio j in F- -^urc 
:^ ird c-jrr r-CfC ir-. ly nvHilriblo I- .-t^ ApoliCd Mn:tj 

;'i'ri I :ii ^ C -iht ::''r^ ri I'v? prc-cc&i ctHnrrbOi i5. 
,-:lEi::)C«:s(: 'It: o:: ir t-- -A-^/'jJOric^- i. ont i-cd "Hf- Ptis'T',-: 
Fk;.4:::': i wit" -^yt^nj L^O'iciucio- .-ir :i Mult -R.-idius L-omo 
C.oil-nc' rir -J E F--A- J7 j7rC7 - ten which nrc it-iccf- 
[.■OfrtlC'j hor'.M'i L'y r-.'fL-r-. -1 e The p-ir lk:ul.'ir ^}rT)b(.'-Jif nO' i. 
L'l Ihu :(.>■- 3 inr i:./L I 50 i^l i;. iw t I -jii ■ i:= ;=uitr!Ui'j ft. r 
[irC'COSi rTj scm.JonaL :.tor ^ubstrHto20 isproviacd 
on\y :o ilU-S'r, i:c the ■OvorMon r:r.o' should not tc used 
iDiirnitih'i g::( )pe o» Ihc m orMiC n F oro-jrnpo ircclc)'- 
I n :^ (. '(;■.: :::: c c- "he t-ic::v:n' ir'ivcitic-n c< iri oc u:>ccilG ^'.C 
.-iriv E:uh-stf,-)i(: nnrj .if- ::k jso i tc r^Hrujf Hc::ur in n ^:rO':- 
<:-&sc-£- -I'diO' th.-i'' scrni ror ■::jc:Dr t.^br ic-riijn. 

pv't jir'i the pT.LC i:=. the chnri^oo' 50 is o\ -ict.;- 
.-i!--n t(" ,-1 r.- ^^\j\r- -'-^^ • 'h.-n ' To- r -;r"''j snh.c•r,^t^• 
20 15. iMr-i. ;oci -nn -i s-;p:'i ":'t 52 v; Ih-vi ,-^ [- -rv^'i,-^ -'O-^o 55 ir 
inc cti^i'^ t: or Tho jt: :: tf .-Jc 20c.-in bo held in pl.^-ic dui 
in;: the- c\■s^' :'q pic<..'Mi5; usmc h 'norh.Hf ii-:.-!l 3f c c rlrc- 
j:t.-iti: J-ijcf- With qj.jcaes n Vvhic'i n c:oolant qni-, bLich 
,-:S hoi urn I: nold t :; -::(:-f'itr-:" tho tempo i'i*uro ot the 5jb- 
•:h-ilo 20 At Cr-::>; ; 'ti' fi o* tt":-.: E.^ppoft 52 IS .:)l':ctii- 
Cni'y cor'idu-:: ve di^d so'v-;-;: .-t- n \..\r'rcsi Crithoo;} olo: ■ 
"oJ'iiGO "^fit: Cr-itni-jdc cl( rtfcvie 60 'n (:onjuncti;:r-- wm 
:riao^v,-jlh; c tho c h.-ia-i: or 50 th -i[ nto elcrt- cnlly arc. jnc:-- 
od tr- C'v'c -15 ■^rl r;''i:-d- olcrt'cde 65 fofrii n'crosi 
ct if' tn-: Dl,i:■,r^^ .'-jnc 55 

F':ccs^ qni 'S inTcaucf-d tho L"-!'^r:;0' 50 

inrDJil" .-1 q j;- distr b..tr 70 pc ip- orrtlly d-sposc-d noo -t 
t"*:! s ^i:str.--!i.: 20 .-ir'::: in- .dnr:rr:::uf e> ti -miriir-iod r-it -i 
pir;5.s.v :.-r" qinc; f r ;>rn ,-iO' u! i) ti'c-iCCJt lO'jmlcrr rir d 
rn/.ro IvP-'C-^ V f'?ni Il: . \: '""I'o - A ;jLi^/r],-t iS Iornu:-d 
oc'Oi U"' 00 Ej> q.is us n .p-i p HS-n,-! jonofntC't II' --i I :C'j- 
pl-::s.-ir oi Ir ir t el :: f tii' "lO pl--isr"n,-i / doo 55 Tf^orli--- 
ri-ji.:-.." Lirit.j: i ri' t 'jf ripn . L' ■ in-jULit.)! l-.j'I 75 < idj.i.O' 1 
t^>".tit. ,.ih. -bb L I i.iit Ljo- 50 ,-inJ i.<ip.-iblo t^-'iminq 
invjLct vc ol-:*ctrK t»ol:i ir' f o cl" ■^:-"■L:■•:.■! a'Tl^t tjowtTOJ L)y 
ri Ct ' L^OWC I supply 76 f refC'nbv -i"! nr current r-it n 

t;r:.t p-:.-wcf t:-vol g t:f:'P'i( tc ttv: miiU'rtor jT'I' 75 tiic 
tiri! pc-v\':r C'V^I bcirq ;:f -fof.iJ^iy ncn- .ibOLJt 200 W.jtt;. 
to .HDout 2C>? W.-.tts 

In .dddi lOr- tc tht' m :i jctor coi t">o rrHl'^odo nna ^^- 
odo cioctri^jos 60. 65 .jOwor-;-^d by ho electrode dcavc 
'^i-Pp y78Hfr i j-^ori tr- qr-r-iornt r h ^r^p^iritivc olortrir "icid 
in ft"io prooop.s rhnfrbo 50 TypiCriily nr^ H*^ voUnao -^A 


\/y^,i-c i;, .H[^;riiorj t~ 'nr- :---:*»~.-',r3r clr^'f t ■ oric 60 -ifin ti. 


:.v O OiOJtn 

-ho 20 


:ao 65 io o.Ol v :l.-i.iv qrcju'^cieci ^^f-^: c -b-i: 
:)ia i5 borponc! ':L.--j' t :■ '^"-v b rr -: o-* '^^o 

^.L•ocl05 to;v-i d too sjbblinte 20 tc r'Ov,.Jo oico \r-r 

.MiOrViO J r-ir n : o'ropiL olchiriq o* I"o subsirnic "^no 
noquLT-ev ot tno F<J^ vo tnao ^pp loc :■ the process o o/ 
'fQjt: 5 60 65 nnc: or the 'nductor :g I 75 lypiorjliy 'lo-r-^ 
MjOiA 50 Kh.' -Q .ihc Jt 60 MH/ ^^rvj iricre yp e.-il y r-.oojl 
50. MH/ 

It IS profcrcd tc use n prDCOrS rhnrrbc r 50 tidvir-rq 
n q j,i 51 f omo:c plHsmn /one 55 Id obtr^ r^ cobrr -il cich- 
ifv::: c-ropC'tK 'S Tne qunsi-romDto o-lnsmn /or-o 55 iS 

^ With M th.C' iCCi'jf^ UDUri'JOd 10/ 'f. t^'O SUPsTntC 20 II' 

chr-rn^ti-oi sioo-'/w-ill: SOndj-iconl todhe- buoitrn'o :d'"id (iii 
the coi!nq85 Dt tr ■:M:hri'"nbc;r nnvinq inHpc< -t : he. qni 
H Df "D n r:boj' 1C::; rnr ic ribou*. " 7n mm '4 ic 7 -rcnrs 
HtcvC' tho SLitsir.H-e 20 n snc jia bo '^otod -i-.l tho ck.-\\- 
inqhoiqhl j.-in Vr:ry ' jr difforc I c u subslml- ; "no -coil- 
inq lioiqti* dcbL nL'.'d tio'e n L-jii <^ builnb-uf^r bLbbir.-jlL 
hrtVr'iQ Ji-irrc'crs ot frC'mi rjbc-ot ■ "3'j mm to -ib.vut >34 
mrr.tOto^O •■■cho;, Profcrrt^ily tno qu<^ 5i-rer"K :c o <-iS 
fn< /0)ne 55 (■ c mp' .;;cg : ■volurno c ' i' Ig< is! r i::e u 10 l'OO 
t:rT^ ' rifd mi")-: p.- :: 'or, ibly 'rcrr it-cijl 10 OO!' lo .:'.:ou] 
50 O y.) c r - I ' t h c- q u H I - ' o r oo t < f . I -i :: r n a / 'j\ •• c t • o : .i i: 
iri,-i tcrrrcd -j'rsji-tly bo'0>vv too ; o I nq 85 c-.r.'.i T.r edi- 
.-itc'v .it: eve tr o s iCStr.Hto 20 F-'i ■ P: tribly 'he q.irisi-ro- 
mici.- pHsm.-. .-nr-ir- 55 n,-is h ont-'^- 88 lr(^H*f^d -ii h '1i^ 
'c -(■ r* nnc-ur i^^ nT'Out ISC' rn-v o-rodlv nh;^vt" inr 

sul: sir rro 20 -ino '^ore O'etcif-t: v .-it .-i (]ist.-i'":C :: :h.-il is 
qrO'dor thnri <<)0..' "'5 irirr .-in :J -o-^s "^r\r, .it^o- .t '05 rTv^i 
Iron- tn;-; sjtsn ii.; 20 

II IS bolio'.o:: '"-Ht tho qu.-:si fc m :tc pl-iSTi.i .'on-:- 55 
prov'i::05 df^ -icrc -isoc .-rnoL.o' cf ::\iscc\--\o-:i -jI':-' -i"i* 
Cr lei'-i:: loL-l ,'0 t.: non -dissoci.-:- '<1 0- or e bo: -.jsl 
'hio j: ..-i;: r7id e qori-j-died iri d 'o i'.-'.o^y L-;f(je vcli.mo y 
sc.ico -TM-ncCilolv ddiHConi 'c tno substid;.; 20 ^"his 
'o.-itL-fo dMows f^e pldsm,-, 'c of:f tno SLj::iB*--:te 20 be- 

'0-0 -i Idi qO -!010.,'ll of tno cJi^SC.: -dlOij \Ons C ' On-i tr 
rriij. [10 to t rTl ' ■ :)r i-d SSOOIrtlCO lie o^e. * 'ho Ctl-r^tC 

88 : '■ W' c plris-^d .'cno 55 is ■ .>••: frof-' tt o s .it'SO -r.-:' 
20 ! :■' oxdriq: o ,0 .-i d:stdr-co o\ ::i 0.-1:01 th -ir^ ,-oo..- 3-j 
rr-'.i \\- c dhODCOOd chismd cr-s rt?ecmt:ino tc 'e'"^' 
non :iisE>>;:):.n' C'tis vvnne *o-ivclr q 'ro^-r' t^" o iO" c:-:- 
oi.-snoi scu'C'; IE' tno substiite 20 Ocivtrsoy •* ih-: 
■;cn'-:" r* c p!, isr^o-i /one 55 > > ! E-O' eici:-:; t 3 f'lc Eut: 

-tldt-C 20 C 10 :b ihrin ,rbO Jl *l b ;''0 h ^" p.vv\>. • 

Ki 't.-Mit r-i:^;.;l l J tt; tl c uldi-niri qc vi -ituf 10 unbt d:- • 
see .itien ot 'ho ^::-.5>n"in !C'"is :<-:l..:0-' tt"o C'lfismri ions [:■ 
hiv-E O'cos; i\ olv I'lqn kinotic ot'''ic;u;:s wt"ii-:~n ri:su'ts i-' 
pjoc r o 1 ,■ h I n o i: o 0 ^ > r n^ , \ nc o 0 1 cr-i n 1 1 y i- 1 h c o cu. m o c M ^ ' •:- 
pldL.''»T.! /one 55 i:: oxcoGSivoiy ".i':^o t^c: d ggooi ito:3 
'Oris the f;n,lsr^^^ /one 'oeomt;i.'"C tc fc-^rm r- o vq i.so- 
■••^ cir-jtod speoio,- A sc it the vclun-o of inc pi-iS'n-i /:}no 
55 is tco srTHri i difnc... it to form disscoid'od pi^-ismn 
inric. r>nr^\i^f- thf^ ^ncnr. o.^p --^w- of fhc rnc-qi/Cri :fir-ft 
qns lor's 1- oxcor^s voI\, ;=m,rll -t.-sijitincj in ■ov\or eoU*- 
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s,ons botwoon the ,nor, gas ons --^^^^^^^Z 
molecules For Ihosn roasons „ proierred to use Ih . 

niiiici rptm^tr olHsmH /one 55 

'^"^ T : oinP 85 o. ,ho process cnambor 50 can be 
flat or .ecanquU. shaped arcuate conic.l donnc 
d orrr,u,lKad,usdc.rT.e-shaped P^Cvrably the 
nroces. .^hambcr 50 has . r.ult.-rad,.s don,e-shapod 
, n. 85 above the substrate 20 to prov.dc a uniform 
Sr '^.r. Tp Hsrna source power across ,he ortttro 
Jo n o, the plasma .one 55 to 'nc-easo a,ssoc....on 
o. the etchant gas as tor example ^o^cr^od ,r EP-A 
97300554 9 onltlled "PLASMA PBOCE SS FOR ETCH- 
fNG MULTICOMPONENT ALLOYS" Itled on February 
5 1 oqo whtch IS incorporated heron by reference The 
mulU .adius dome-Shaped c eiling 85 reduces dissoc,^^ 

ed ,on recombination losses near the ^"^^'''f f 
fess than those experienced with a ttat - '"^ - ^^^^^^ 
plasma lon densily is more uniform across the substrate 
20 Th,s IS because ton recombination losses arc affect- 
ed ^yt- proximity o( the ce.l.ng 85. and the do.r^- 
Sapld ceLg is tur.he, f.om the subs.,ate cente, than 

' '"p'telv the ,nductor coil 75 is w.apped arcund 
tHe Idclif 80 o, the process chamber 50 ,o the or. 
of n mult, r.id.us dome-shaped inductor .o. having a 
° a t n d" dome shape that provides more ofticant use 
o pl.,sma sou.ce power ard increased P'-- - - 
Mlv ■•Jir.^ctlv .-^ver the substrate center Th. is because 
in; , .s afleced by local lonzation noar the induc. 
o o'tB and a multK.dius in.uctor ccl . closer to 
he ..borate center than a hemispherical coil In anoth- 
rp^e^^red embodiment the ceilin^^^^^^ 

^r:rrdrr;.rthe::n:;;r;d,usB.where,n 

R.r IS irom aboul2toaDout 10 

The pUsma formed tn the quasi-r.;-mo,o pla.ma 
.on.- 55 can also be enhanced using magnetically en- 
ha ced r Cctors ,n which a magnetic t.eld generator 
such as permanent magnet or electromagnetic coi^^ 
: used to apply a magnetic Weld ,n t|- P --« 
55 to increase the density and unfo-mi'.y of the plasma 
p! f cr^ly the magnetic Held comprises a -tating r.a^^ 
r^e.ic tield w„h the ax,s of the tield 
pl.nr- of the substrate 20 as descnbeJ in U S Patent 
M 4 8^. e,^3 issued .uno 2/ 19e9 which :s incorpc- 
Ta ed hoWin by reference The magr,ot,c tield ,n he 
cT'mbe, 50 Should be suit ,c lently strong to increase tt^e 
1 :ty o. the lons foimed ,n the plasn,. and su c,en 
unitonn to ,educo cha,ge-up damage .o -^'-,ea 
a. CMOS gates Generally the magnetic f,efda. mea. 
u.cd on a surface of the substiate ,s fess than about 00 
Gauss more typically from about 10 t= about 100 
ciaurs and most typicaily from about 1 0 Gauss to about 

%"'t process gas and etchant byproducts arc ex- 
.Hustod from the process chamber 50 through an ex- 
sys,em 95 capable o, achieving a minimum prns^ 
.uro ot about lO'^ mTorr ,n the process chamb.-r 50 A 


throttfc valvo 100 is provided ,n Iho exhaust lo- ccntrol- 
' o h -. pressure in tho chamber 50 Also ar opfic 1 
Tdpoint'measurement technigue is °<tcn used ^o 
lormino completion of the etching proces. tot a sp.utic 
5 a er by measurng the change ,n light emission of a p. - 
U Liar wavelength corresponding to a detec ab. ga. 
rus SD--C1CS A sudden decrease or increase in the 
amnuntV The detectable species such as silicon sp.> 
:^s thai results from chemical reaction ot tne process 
,0 ,ho smcon diox,de layer 26. -^-to-orr^pl 

tion of etching ot the mctaf s.licde layer 22 ana start 
etching of the urdcrlying layer 

Th. etch,nq p-ocess ot the present invention pro- 
vides h qh etch rates, and highly selective etching o 
:S:al s'cde restive to po.ys.licon. J- P-;-/ 
used ,n .h.3 etching process comp'ises (i) ''"^^ 
ovvgen and (lu) nitrogen The chlorine gas forms di^so 
c ied atomic Chlorine and cnlonne-containmg species 
ma, etch the metal sillcde layer 22 and polysilicon ,aye 
?4 Ln , he substrate 20 For exar.ple^siiicon ,n t e ntela 
s,„c,de and poiysiticor, laye.s 22, 24 can be e . bed by 
chlorino-conta.ning ions and neutrals to form volat .e S, 
a species that are exhausted from the chamber 50. 
Thechl-negascancompnseCU or can compnseo h- 
or chfoi ,ne-ccn,aining gases that arc equivalent to chio 
■ ! f-,, example HCl. BCk. and mixtures thoreot 

^'"^■ Th:;o::;:n gas .oreW. 0, 03 and otnor 
enuivHiont oxygon-containing gases, is used t.. en- 
ha re the rat. o' etching of metal sHicde Iayer22 wi.h- 
30 r ;nc;easing the r.es of etching o, ^'l--: ontainin 
ur.derl.yers such as the polysil.con laye, 24 However^ 
excess vely high flow rates of the oxygen ga. can c ause 
mor sotiopic etching of the substrate by removir^g he 
1 ,v 4 na a.^pos.ts 44 formed on the etched features 
3. i so^ e-lt in excessively tow die.ctnc etch 

ra es For these reasons the flow rate o. oxvgen gas ,s 
^^"r;ta,ned lower than the flow ate c„ the cnlonne ga. 
,0 piovide sufficient chlor.ne-containing .pec es U^^ .ap 
,glv etcr, the substrate 20. while providir^g high siHcide 
.0 olihion etching selectivity and amsotrcpic e c .i^ 
The nitrogen gas provides ^n^xpe^'^^ ^^^^f 
combination with the chlorine and oxygen g. .es^ In 
c reasinq the nitrogen gas significantly lowe, s Ih rate of 
-.^.ng'otpolysiiiconfayer^^^^^^ 

rs to torm volatile byproducts (tor example when 
j g tungsten s.licide layeis volatile spec es suc h a 
V O N CIO, W,O.N.,a.eio„ried) that seivetoineieasc 
ri Of etch:ng of^he MS,, layer relative to the rate 
ot etching of the polvsilicon layer 24 Because tfe r.lorn 
^ nd molecular constituents o. an active pla3ma are 
d,f c ult to analy/c th.. nature or composition of the met 
a l ontaining volatile species ,s difficult to determine 
:ccura?y i, is also believed that ---f- ' 
na-ogen and ovygen serve to balance the '-'-^ ^-P° 
.„i.-.n and rr^moval ot the pass^valing deposits on the 
; bed features o. the substrate to provide mor. aniso- 
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C'V. j ono:l c/ irv; robbing G- . incj N - flow fnlos < in 
: • o':'"''ri:; .-t '"'Ob-j smcicJc i.iyo: cor^^ p:' i:.:* 

VJ^} . -I'KJ -^"i..^ ol:'"' ^r<\>: c* pC'lvsil cor: hryc ^iqurc j 
b' (jVvb tflO Wri. O'ct" r,i{c for ncr o i Sin q 0_ nfi J ftc-w 
' i:ob I':? DL'jOrvccJ tt ii*. I' n:rOfi-3 ing flow rrit«:fD h.j5 
:t:.o o^^Cl t on rf ic WSi, olcf rr:tL' r :C'r"'.fH = t rcFOdSirc 
C'- flow rntcs *ror7- Q scctn tn lOscrfT ir':-ronH-cs tho Wv-i. 
o!:n 'rttcs Iroffi 2rO nm rmn tc 350 nr-' rriin Tt-us riijtli- 
liCfT of O'.nnc N -. Iv:Mho p'ovl:^?^ tno unoxpocl'-c 

rosultb cf incr'O-iS-nc WSi, t:)tch tnlo:: whilo 5 rnultf-jno- 
GuSiy occrcribinq ific polys li. :on qI:\\ 'h'.os ov»: fi the j-^h 
t:o'n TintcririiD :or-.iri n cIcmc'rlHi 5-li:o'" f^is ros j l pt :- 
vidcs !r.C'Cr:Sf;a o:chirq :>*.noc tiv^ly r.ntos fc oict')ir-a 
VV5i, rcl'ilivc to poly silicon while 3 rr ultnneO'US.y piov'io- 
1". J nigti'jr WSi. ei'Jfiinq rnloi: wn jn is fnynly Je-friL ^j- 

LL)f nbif rltlO' 1 

FiquFO 4 snows tf"io polysiiicon ctchir:; iritc for n- 

.-"•' CrtSir q f ov\ r -tlcE) of Co rin J N . (^ior ioirilly t-'O :>o!ys I- 
K cn otC) I, lie 13 lowered for incr(o :oir"'g f ovv r-itc;) of 
.i::. well .10 inc:fc:.iGinc flow r I'o:. :>' ■ Tnus \\' c ;:-:ld :i' 'n 
of C -.-ir 'J N U:> tf"^o chlorino q-.-i i sorvos pr -n.-inly tc rn- 
pro.vo tho ctirh nc scloctivit\ r-riC' ot <.?Thir-q vVS., re -i- 
iivo lo poiysiiic or' by docro.isi'^q tno fnlc jf (: tLdir-(:^ :.t 
f^.i - y^-iii ^-'■■.r F'lriurr- S shows :r ^> m '"'P "^(""'^'''^'ivit) '-^ti 
"■f n\ch rTj W>i rol,-if vo In pr^Ksili." 'or inc tr^iSifK^ fit vv 
r.-ilos o* \ s .-i'Xl Oj. in tho pr :>.:C3S g -js : is obSL -^'i-d Ui--:t. 
tnc otcniria s c '.:^ctivity r ilios ircrcnSO: for t)0'f" if.Cf l-.-j ~- 
in,:: flow r.-it^jr O'f ,rid ir ccnsina flow irjtos :'1 
Thus both C'^^ .ind cofMributo to cfWincod i- oli ivty 
otjhr^q -ritios 

Tnc co'"''L:'.:5i'ior rirci vclu'rc.r c f'ow r.-jfic^s c vJitft r- 
cn* coF"istHL.ei".s of 'he f}roct:s's q is ntc- so octod !:::■ ot "h 
fM;:- ri^olHi sHo "Jo nyer 22 f.i hi.in pc lys-licon !r;y- 
cr 24 piofcr^ii: y -it c-n clchmc so ectiv fy tnt'C ::f it lOnS* 
rihout 1 2 more pr^fcMt:ly <-1 'o.is: .Hboid 1 5 ^'""^ 
voiur^ct'ic 'icvv rf-tioo* the pocc^s q^is is -ils:: Strloct- 'd 
to provirio rir ^otrooc-i \\ c'crcc fo^•ures ^"i.:vn:: s-ao 
w,j!!s 48 witf^ ;^-ocoU- SL.rlH:'?s tn it town ,-in;;|.o. o\ -.\ 
io.,st <iL>ouI witf ri pi.iro^ of ifif subsl'-it'j 20 -r cJ 
n\ 'o pioT-r.-it; -inaio- fr^vT^i .-:t:ou' 7^* lo -iCo .t 
F"t."^fO' fO'li voLin^O'nc ^!0v\ r.-i'iO'SO*' ~ - ''^■•••1'- '^Ctt -iLm: ..' 
C J'5 lo -lOOLl 1 rif.ci rnorc p'Ct oi .-ibiy frO'Ti -iljCi.^t J 
' i..-' rdj.j j; 0 ' ■^luloinbv h-o '^tO'i: int.; v^. lu' • lol- 1 . 'k ;\ 

CU fi- . jrnbiruO voluniotn. flo,v <.A -D- -.rv.: i 
fiorii ,-iPoL.t L 1 to .-ih'OLJ* 20 ' nn<:i mc*c protcn-il: y frc-^'i 

.11" Jl r 1 [O .-:t)Out 1 O ■ 

^O' t^-^o > /e ot ihe-^ PIOCOS3 oKjrribor dco. rb'MJ 
no'oin mo fill' A ' i\c ot C". I pr ^.-t i^r. iOly fr:>rri .ibcut .'0 
to .iboul rC'C sjcrT". I'^-o fiov. r.-itc o* U . is from .-ihou' 
tc Hbojt cC Ss":r>T ^nj tne f'ow r>-itc c-t v?^ is •'orr ,^c■: ..t 
0 " tc .-ibOLt srcf^ Pre'CMribly the flov\ rrito of \i 
r7^-iin-^inori w inir nbou' 20 srrrr of Tho flow i^To ("'f ^''j 
.--j'Tfi rnoro prr.-'ornpiy tho fl"iW rrito of f^'^ Hr'id thr' f'O/W 


0 CULJ VMiont fic.v. 


Tfir- pi'WLf '--itis: o* tnt.} rrst lljto'M pov^.of 
:: 'nducto' coi 75 to tno SLCono v.^d.-i::'^ pov\or 

t-ic o-ocoo= ?*o-"ooo- 60, 65 - ^-i^so -eiocloo o: 
or^finnco tho r:Oiiity C the otc-inrM plnSfTi^: to nn soIrO';)i 
c-iiiv ct'-f lb-? f"nrt,-ii bihcido Ih/ct 22 wr.h fiiqr soloc tiv'-ly 
rei.-ilivo tO' the polys li:or^ i-iycr 24 A nigh powor rri'ic ^, 
obtr-jincil by ir^trc.iE riqihc ttrst power lovo of tho currc-it 
ripplicd to the nduotor co I 75 mc renscs '-lO nroo^rM :>t 

dISSCC! I> jtCd C''-:h ir"^t Sp:''C; 7'S " O p-O'VidO fmirtC nncl inO O 

isot-opic ctchinc r:otne'solv -i low power i^-il-o P, ct- 
l.riir'Cd f:orn low tiis*. power level to the coi cnn cu dO 
insLttie en- :Jissc cidlnor- ot the oi:fvinl q,iS r'tc dissj:-- 
rito:: icris resultir^q in low ctcf" r-tc^s nrd I'W ifcninq ;:C- 
lect v'lty Ir cfo.-isnq inc- seconc: ocwei le^'c of the nP 
volldge .ipph-jd lo trir pijc>.:'i:-s electro jus 60. 65 r'- 
uie'irjt.'i 'I'l: d-,giefj of ■-inii>otr(.. l) l. utofiir q of V u rnutnl 
silicid-::- inyei 22 oy oiovid nq .-i ni(:^hor Kine'. <: bombrird- 
rnc'it cric rq'v' cor'riponcnt :c th-:: pi iS'Tin I 'owc; vor nn c x ■ 
ccg:>ivc ) ntqfi socot>:J power iovcl th.it . ii ::^o pr o\Mde:- i 
low pov.c r r; It j e. r^ c. :ugc s::-jttcf inq of tfi : : ut:):ti. i* ^ 
20 .-in::l 'OluH in no'-'-ur-f orrin e'ofi rig c* tne sij::sIi -:te t 

h. HS been d scO'\.'oreo tn^i ,^ (:?ref.-rrod f)(:>we i,-.tio 

Hi le-iSt -leoulk " 1 ri'oJ [nc>re r iteiab y \'0\^ \ rioC'UtC' 1 
1 ir, .-r-ir.i t ^ Cu" 1 M -^.s* p-tMor -mly I'lo ;dr- --;rTi,- i ^ t^--^' "1 
by , ipi: 'r-/inq ,-i : u-'ont -1 i *ir^f p'wer lev"l ot Hto::u* - ") ^ 
lo I'-'O 00 W.-it'.5 to "fie iricurtiDf cc-il 75 .-id -iceril to the e c-.s- 
ni.i /otie 55 <v\c the p^irisrr .-i n^- .'::'r r-icted tc ttv: sut;)sti.-i:e 
20 t:v -:ppy no -i v:it-:eL' nl h t;ower lev-jl o' ntojjt : :■ 
530 Writ's 'o process ele/trc-des 60. 65 ihc- pins i n. -i 
/or'ie 

■'"he 'cilow n J e<. r^^L)i'.)S i.lusin-ite l.S(:- ot W^c pre^ ■ I 
inve-itcr- *or etching n^C't.-il & b:-i:ie Inve-s or se-niccr'- 
ductoi -lif'Sti lie Hjvv:'vl( tt m:; ,-ippnr -it js .-ino r^ief d-j 
c-ir-i bi-' jscvJ in ctho' .^PCilic-il ons .-is woul:,: oe .-lpOr^•^ t 
•r thosr' sK'iied tfK' ;-irt -ine tnc scooc o' tf^c- [i^ci-r \ 
irwe-it-cr ^f^:^lJld riot oo iir-nited lo tne illustrfiliv e ox.-:'^"-- 
pies po'A I 'm:^'. nceir^ 

i'-^ ! "1-^ t;> <-:'^ip e^^ t'v > el nr^ g e' oct:o.^ns v.e'C to: 
tor>>-og on .^ll.l•on suoslr,ite n-ivne m OinnuMri l-f J ^ 
rTv^^ r inenio^ b.-iC-^ S JbStn-i'e COr^ pniCd r-i"O0 4 O'J 
tb. i\c' > •■• \y> , ■! ni ::cjle' 40CC A "iick hiyc : ' 
POIV:- Ik on r-rr vJ III i i-:v\e- K'.H'lC A ^iC'^ n\'r-- d Op-OS ■■^■J 
. [Ill' r - lit ' on M..Ob;'H:c i-c WSi^ <-.^' ^ 

■.•■n ttiL' j.-l^tt' tlL vO i-pMc^Ld Linitj! ijf twV'.; >Jif1eiL'nt Si W 

i. -itios o' .ibca.' 2 1 ■* c>' .ibou! 2 ^o 1 .-:nd i/omp ised e • 
the' oO'peiJ pT'ivsM ccn 1,1^0; 01 -in undcped pc-ly silk 
i.iye- Tno differ'-r^t VV r,jtic: were used to oete^n^ioo 
tn,- v.:ri itior^ (.:''f ntcbi'oj r.i'osto' WSi. ! iv?is ^'MVinij d* 
fofer'it S ' VV 1 -I'los ^n.c iubstr-ite were otcnea r'l -i "C^S ' 
C'ocess cn^rnpo- n,-r, in:: tne :cn' gun-it 10 n dcscnbed 
,-ibove nng ttio support 52 '-^ the rhnrTiber whs r-^Hir. 
Mir"(ert nt to"nf"i-^r^tijro rr f-P^P. 

■^FM oh'O-tos o' tre -^trhed wafers, were used *o 
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measure (0 the metal silicide or polysilicor etch rate (i ) 
the etching selectivity rntio ol etching metnl silicido re - 
ativG to polysilicon and (iii) the sidov«/all 48 profile angle 
Etch rates weic calculated by nrieasunng the step height 
or depth ol the etched features 40 observed in the SEM 
photographs The etching selectivity ratio was calculat- 
ed from the ratio of the etch rate ot the metal silicidc 
layers to the etch rate of the polysilicon layer 24 

Examples 1 and 2 demonstrate an etching process 
of the present invention that used a process gas com- 
prising 130 seem CI2 5 sccm02. and 16 seem No and 
the pressure in the chamber was maintained at 4 mTorr 
The plasma was formed by applying a RF current at a 
first power level of 1400 Watts to the inductor coil: and 
the process electrodes were biased us ng a RF voltage 
at a second power level ot 1 00 Watts In Example 1 the 
WSi^ layer on the substrate comprised an Si W ratio of 
about 2 1 T In Example 2. the WSi. layer on the sub- 
strate comprised an Si:W ratio o' about 2 96:1 

Figure 6 shows the etching selec livity ratio for etch- 
ing V\/Six films lelative to doped polysilicon I01 the in- 
creasing Si: W ratio of the WSi< films of Examples 1 and 
2 It is observed that the CyO-J^o Process gas provide 
relati\/e!y uniform etching selectivity ratios of about 1.8 
over the entire range of Si W stoichiometric ratios. Fig 
ure 7 shows the etching selectivity rntio for etching WSi^ 
films relative to undcped polysilicon for increasing St W 
ratio in the WSi, tilm for Examples 1 and 2 It is ob- 
served tnat the Cl:./Oo/N2 process gas providn relatively 
uniform etching selectivity ratios ranging ttom about 4 
to 5 for the entire range of Si W stoichiometric raiios 
The unrormity of the etching selectivity ratios over a 
wide range ot Si W ratios in bo:h the doped and undoped 
polysilicon provices process eprocucibility lor etching 
WSi^ layers having varying Si W ratios 

AlthC'ugh the present invention has been described 
in consider-ible detail with regard to the preterred ver- 
sion thereof, other versions are possible. Therefore the 
appended claims should not bo limited to the description 
of the preferred versions contained hereir 


Claims 


levoi \r- the oroiess electrodes the oowor ratio 
of The tirst power level to tno second power level 
being selected so that the metal silicide layer is 
ctchca at a first etch rate that is at least 1 2 times a 
5 secon J rate of etcning oi the polysilicon layer 

3. A rneinod for anisotropicaliy etching mcta silicide 
and pi'lysilicon layers on a silicon water or other 
substrate, the method comprising the steps of plac- 

w ing the substrate m a process chamber comprising 

process electrodes and an inductor coil and torn- 
ing a plasma from process gas introduced into the 
process chamber to e:ch the meta; silicide and poly- 
silicon layers on the substrate. 

15 .:haracteri/ed ir that 

(1 j the process gas compr ses C o Oo ^2 
and 

i2i the plasma is formed from the process gas 
20 by applying RF current at a first power level to 

ttie inductor coil and applying RF voltage at a 
second power level to the process electrodes, 
the power ratio P. of the first power level to the 
second power level being selected so that the 
25 metal silicidc layer is etched at a first etch rate 

that IS at least 1 2 times a soccnd rate of etching 
of the polysilicon layer 

4. A metnod according to claims ? or 3 characterized 
30 in that the power catio of the frst power level to 

the second povyer level is fronri 0 1 1 to 100:1 

5. A method according to claim 4 characterized m that 
the tirst power level is from 200 to 2000 Watts and 

35 the second power level is from 5 to 500 Watts 

6. A method according to any one ot the preceding 
claims characterizad in that 

40 (1 i the volumetric flow ratio of Oo to N2 is from 

0 25 to 5 1 or 

(2i the ratio ot the volumetiic flow of CI2 to the 
combined volumetric flow of Oo anc is from 
5 1 to 20 1 


1. A miethod tor anisotropicaliy etching metal silicidc 
and polysilicon layers or a silicon wafer cr other 
substrate, the method comprising the steps of plac- 
ing Itie subsliale in a plasma zone and forming a 
plasma from process gas introduced into the plas- 
ma zone to etch the metal silicide and polysilicon 
layers on the substrate 

characterized in that the process gas com 
prisoo C I2 0_.. and 

2. A method according to claim 1 characterized in that 
tnc plasma is formed from the process gas by ap- 
plying RF current a! a tirst power levei to the induc- 
tor coil and applying RF voltage at a second power 


5S 


7. A method according to any one of the preceding 
claims characterized in tnat volumetric flow ratio of 
Oo to No IS fiorTi 0 5 1 to 3 1 . and the -alio ol the 
volumetiic flow of CI2 to the total volumetric flow of 
O2 and N2 is from 7 1 to 1 5 1 

8. A method according to any one of the preceding 
claimc characterized in that the flow rale of Ci^, is 
from 20 to SOO seem the flow rate of is from 4 
to 60 seem, and the flow rate o* is from 0 1 to 40 
seem 

9. A method according to any one of the preceding 
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(57) A rnolhoa 1or otchinq mctMl silcido i.-iyori> 22a. 
22b -inr: [Toly^ihr-^-n Inynrs 24a. 24b on h ^nn^-t- i'.-- 20 

witi"i hiqf-^ otcfiinq solortivity .inci ,-ini 50t-opic otchir^q 
propoflios isdcscriLcd Ifi the rnotf^od ttic subslirito 20 
lb plr:COd in ri plrisrTiH / o\v2 55 rinc pfCx-os^> q.-i-, corn 
prisif-q C- O <-nd N- in:roduced inlo \\'\q pirr:,rTTi 


/\oni- A pi-tsr-rvi 1-^ k:frnod *rom liu" proross qnft tn s^- 
•ectiv'olv G:cn the rrict.-i! silicicio Inyc 22 h! first ctcti 

r<ito Ihr-t! 'b tiiqhcf th,-jn h second frilo ot otctnnq cl tlio 
polysilicor^ Iriyoi 24 wfiilc pfovicific subsl.-ifitinlly riniso- 
tfopic olcPinqot {ho r^ictril sihcido .-ifxi polysilicon iriyors 
[^rct:.:f,-iPly tho p ristriri is fonTToc: using co'Tibmod indu:- 
tivc irxi Cip.-iCitU'O oLisr-^^-i S3ur."~cs 
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